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Abstract. Faraday rotation measurements of a set of regioregular alkyl substituted polythiophene derivatives is presented. These n-conjugated polymers show unusually large Faraday rotation (FR) with a Verdet constant as high as 62500 °/Tm in pristine thin films.
We have shown that the FR properties of these polymers depend strongly on regioregularity, processing conditions and inter-layer lamella formation. The Verdet constant values are competitive with commercially available materials, such as terbium gallium garnet
(TGG). These conjugated polymers in a suitable device geometry may find applications in integrated optical devices relevant to telecommunication systems, such as compact optical isolators, optical switches, highly sensitive magnetic field sensors and phase

modulators.

MOTIVATION

Although conjugated polymers have been intensively studied for electronic applications, the response to an
external magnetic field has received little attention. It is of interest to explore the magneto-optic response of
these polymers which can result in integrated devices relevant to telecommunication systems such as:
9Compact optical isolators,

90ptical switches,

9High performance magnetic field sensors,

9Phase modulators, etc.

INTRODUCTION

Conjugated polymers have received attention for their potential in electronics and semiconductor applications
primarily due to their demonstrated large charge carrier mobility.I"! It has been also demonstrated that this large
mobility is due to strong polaron delocalization!? and dependent on processing conditions, regioregularity and
molecular structure. Another interesting property of these polymers, is that their side chains induce self
assembly in the form of lamella /3], a key factor that dictates electronic properties of n-conjugated polymers.
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Faraday rotation is the rotation of the polarization vector of linearly polarized light when it travels through a
material of length L under an external magnetic field B parallel to the direction of light propagation. Faraday
rotation is directly proportional to L and B through the Verdet constant, which depends on the material's
magnetic susceptibility and wavelength.
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EXPERIMENTAL SETUP

A double pass magneto-optic homodyne polarimeter equipped with multiple lasers of different wavelengths
and a phase sensitive auto-balanced detection system is used for characterization and screening of the
materials. Linearly polarized light at 45 rto the vertical is incident on the sample, which is placed within a
solenoid providing a low frequency AC magnetic field. The resulting polarization is separated into s and p
polarization components by a Wollaston prism. The double pass is performed by placing a mirror after the
sample, ensuring that nonreciprocal rotation is measured. Our detection system performs precise AC
measurements with noise cancellation along with DC collection that facilitates calibration against any
systematic laser intensity fluctuations.
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RESULTS

Faraday Rotation vs. Thickness variation

The measurements were performed by applying an AC modulated magnetic field at 400Hz. The polymer
films were spun coat on BK7 substrates. The net Faraday rotation from the polymers was obtained by
subtracting the Faraday rotation from the substrate. The inset shows the corresponding values of Faraday
rotation of BK7 substrates.
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The measured Verdet constants demonstrate that the conjugated polymers studied have a higH Verdet
constant, in comparing well to commercially available materials such as terbium gallium garnet (TGG), yttrium
iron garnet (YIG) and p-xylene. The Verdet constants*l of P3HT and P3DT are shown below.

Verdet constant ( x 10* ¥Tm) at different wavelengths
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p-Xylene 0.03 0.003 | 0.001

TGG -0.23 -0.15

12 0.85

12 0.84
YIG -11.2 -4.2

Device Approach

Sol-gel waveguides provide the flexibility of refractive index tuning, enabling low-loss coupling to optical
fiber. Single-mode waveguides have been achieved and work focuses now on reducing losses. A 1 ¢cm long
waveguide can in principle produce a 45r rotation and if used in a double pass setup, this would be
equivalent to a 90 rrotation (for wavelength of 1550 nm and magnetic field of 0.5 Tesla). Fiber optic based
switches can be fabricated by using a Mach-Zehnder interferometer approach and by controlling the
interfering fields with an AC controlled solenoid .
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SUMMARY
Conjugated polymers have been shown to have high Verdet constants and large Faraday rotation. The
presence of a lamellar interchain structure and the degree of regioregularity are key components for obtaining
such high Faraday rotation. The measurements suggest that these materials can be used for magneto-optic
integrated optical devices relevant to telecommunications. Device integration including waveguide fabrication
are under development at present.
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